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Outline     Spin 3/2 talk
ï 1/2    Observations

ï Random H, ground state statistics, energy gaps, 

wave functions 

ï 2/2 Explorations

ïN-bosons on 2 levels, toy system

ï 3/2 Explanations

ïGeometric chaoticity, group theory, random 

polynomials, cfp, mean fields



Real Interactions
ï Real spectra, with strong features have physical explanations

ï even-even nuclei (EE) have J0=0, J1=2 (mostly)

ï pairing gap 

ï J1=2 decay-strong B(E2) interactions

ï Pairing, rotational/vibrational  bands

ï regular  gamma cascades - deformed nuclei 

ï Quadratic yrast lines E(J)=J(J+1)/2I

ï Matrix elements from experiment/physical arguments



Random Hamiltonians
ï RMT is working definition of Quantum Chaos

ï Actually useful 

ï standard conversation

ï Statistical spectroscopy P(s), ȹ3(L), detect missed levels

ï Quite a surprise to see physical looking regular spectra

ï New conversation correlations between different classes 

(J=3 vs J=4 for example) sectors



Observations
Early signs Random IBM

ï ɖ◘separating parts of the 

Hamiltonian with different symmetry

ï Usual RMT analysis Regions of 

chaotic and non-chaotic spectra in ɖ

◘(Castenôstriangle)

ï Y. Alhassid and N. Whelan, Phys. 

Rev. Lett. 67, 816 (1991)



Observations
ï Early signs Random Matrix, IBM

Å J=2 states correlated with J=2 states

Å E(4+)=ŬE(2+) + Ů

ï True for nuclei

ï reproduced in shell model for almost any 

interaction

ï Suggests Pair transfer collectivity

(build J+2 state by adding pair to J state)

ï N. V. Zamfir, R. F. Casten, and D. S. 

Brenner, Phys. Rev. Lett. 72, 3480 (1994),



Purely Random H
ï C. W. Johnson, G. F. Bertsch, and D. J. Dean, Phys. Rev. Lett. 80, 2749 (1998)

ï C. W. Johnson, G. F. Bertsch, D. J. Dean, and I. Talmi, Phys. Rev. C 61, 014311

ï N=6 particles, 3or 4 levels [j=1/2,3/2,5/2(7/2)]

ï Jgs=0

ï ñPairing Gapò

ï ñRotational Bandsò

ï ñPair Transfer Collectivityò

ï Quadratic yrast lines E(J)=J(J+1)/2I

fp should be small, it was 

comparable to 0.52 +/- 0.27 

For very collective SM states 

it is 0.85. S is a pair operator



Broad range of systems show these signs

N particles, 1 level
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Typical system N=6 j=11/2

pairing term not crucial for Jgs=0 dominance



Yrast Line N=6 j=11/2



Purely Random H
ï C. W. Johnson, G. F. Bertsch, and D. J. Dean, Phys. Rev. Lett. 80, 2749 (1998)

ï C. W. Johnson, G. F. Bertsch, D. J. Dean, and I. Talmi, Phys. Rev. C 61, 014311

If f =1, then the excited state is completely described as

a particle-hole excitation of the ground state. If f is very

small then the two states are connected only by manybody

operators.

fp should be small, it was 

comparable to 0.52 +/- 0.27 

For very collective SM states 

it is 0.85. S is a pair operator



Pair transfer collectivity

N=4 has 2 spin 0 states

N=6 has 3 spin 0 states

Is N=4 gs made from N=4 

gs



Rotational bands
ï R. Bijker, A. Frank, and S. Pittel, Phys. Rev. C 60, 021302 (1999),

ï R. Bijker and A. Frank, Phys. Rev. Lett. 84, 420 (2000)

ï R. Bijker and A. Frank, Phys. Rev. C 62, 014303 (2000)

ï Turn t-rev inv. off Jgs=0 increases !

ï (N=16, IBM) Looked at  P(R) and B(E2) ratios
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Rotational bands
ï R. Bijker and A. Frank, Phys. Rev. Lett. 84, 420 (2000)



Rotational bands
ï R. Bijker and A. Frank, Phys. Rev. Lett. 84, 420 (2000)



Jgs=0 but no pairing
ï L. Kaplan, T. Papenbrock, and C. W. Johnson, Phys. Rev. C 63, 014307 (2000),

Correlation between different classes

N spin-1/2 particles on M orbitals TBRE (2 numbers C0 and C1)

Higher spin coupling (C1>C0) decreases Jgs=0 (from nearly 100%) 



IBM vs sd Shell model
Y. M. Zhao and A. Arima, Phys. Rev. C 64, 041301 (2001)

TBRE gives vibrational but not rotational P(E4/E2)

Mix realistic and TBRE

V. Vel�azquez , J. G. Hirsch, A. Frank, and A. P. Zuker, Phys. Rev. C 67, 034311 

(2003),

Å What survives when you go random?

Å H=a Hc + b HR a+b=1

Å Yrast ordering preserved

Å B(E2) lose quadrupole collectivity



Odd even effects from TBRE
ï T. Papenbrock, L. Kaplan, and G. F. Bertsch, Phys. Rev. B 65, 235120 (2002)

ï N spin 1/2 particles on M levels S=0,1 pairs

ï pairing gap 

ï Turn on rTBRE slowly

ï Watch ȹ(N) increase



Rotational bands in Isospin space and O-E effects

M. Horoi, A. Volya, and V. Zelevinsky, Phys. Rev. C 66, 024319 (2002)
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Å sd shell model and single j

Å fermion pairs treated like quasi bosons

Å Chaotic not collective states

Å rule for enhanced J0=0 and T0=0



one last thing A. Volya, Phys. Rev. Lett. 100, 162501 (2008)

Ån-body interactions

ÅJgs=0 stronger with increasing n

ÅTgsJgs=00 stronger



Toy model
Å Work done with Dustin Frisbie NSCL

Å Bosons on 2 levels

Å Undergrad research

Å Rich ideas, easy to see.

o Make basis

o Work in M=0

o Get E from H,  J from J2

o RMT analysis

Levels almost degenerate, all 

interactions Gaussian

RMT signatures of chaos present. 



Jgs=0 gives parabolic yrast lines (j1>1) 



Jgs=Jmax gives stepped yrast lines (j1>1) 



f0

fjmax

Fraction f of ground states with Jgs= 0 or Jmax

j1=0, j2 = 2,3,4



Fraction fmax of ground states with Jgs=Jmax

Around 20%, fmax drops with increasing j1 j2



When J0 = 0, the ground state energy and maximum energy 

for (j1; j2) = (0; 1) are parabolic. The yrast lines were linear.

Extreme energies parabolic in N





Moments of inertia are constant in N for 

Many (j1, j2) =(0,1),(0,2),(1,2) (1,3) (2,3)



Jgs= 0

Jgs= Jmax


